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| INTRODUC TI ON
There are several unsolved aspects of Helicobacter pylori -related gastric carcinogenesis. First, H. pylori-often disappears spontaneously in elderly patients because of the progression of atrophic gastritis and intestinal metaplasia (IM), 1 while gastric cancer typically develops in elderly individuals rather than in younger individuals. 2 Although IM has been suggested as a precancerous lesion after the clearance of H. pylori, it is unknown whether IM itself causes gastric cancer development. Second, H. pylori-eradication therapy alone cannot completely prevent gastric cancer, particularly in patients with precancerous lesions, including IM. 3 These results indicate that specific changes that initiate gastric carcinogenesis occur in patients with IM.
Overgrowth of a bacterial species other than H. pylori-in patients
with IM must be considered, as many human diseases are affected by the microbiome. 4 Previous studies reported that nitrate-and nitrite-reducing bacteria were identified in the achlorhydric stomach. 5, 6 Additionally, the metagenome derived from intragastric bacteria other than H. pylori-should be evaluated. The type IV secretion system (T4SS) gene is particularly important because T4SS
proteins are essential for transferring CagA from H. pylori-into the human gastric epithelium. 9 T4SS genes are present in various bacteria, including Rhizobiales, Legionellales, and Burkholderiales. 10 If
T4SS genes are abundant in the stomachs of patients with intestinal metaplasia, horizontal gene transfer of T4SS genes between H. pyloriand other bacteria may be important. Horizontal gene transfer is an important adaptive force in evolution by contributing to metabolic, physiological, and ecological changes in most prokaryotes and some eukaryotes.
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Recently, there have been several attempts to determine the features of the gastric microbiome using next-generation sequencing.
Previous studies demonstrated that the distribution of the gastric microbiome differs between patients with gastric cancer and those without gastric cancer. 12, 13 Particularly, Coker et al 14 identified differences in bacterial interactions across stages of gastric carcinogenesis. However, the metagenome of the stomach has not been evaluated. 12, 13 Additionally, previous studies mainly focused on the gastric microbiome in patients with gastric cancer rather than on precancerous lesions, such as IM. To better understand the role of the gastric microbiome in gastric carcinogenesis, it is necessary to analyze the metagenome in patients with IM. In this study, therefore, we aimed to evaluate the characteristics of gastric microbiomes and metagenomic functions in patients with IM. Therefore,
we evaluated the characteristics of the gastric microbiome and metagenomic functions in patients with IM. We further analyzed whether there were differences in the gastric microbiome in patients with spontaneous
clearance of H. pylori-and those with H. pylori-eradication via antibiotics. 
| ME THODS

| Study design
| Extraction of bacterial DNA
Extraction of bacterial DNA from mucosal biopsy samples was performed as previously described. 12 Briefly, 100 mg of frozen gastric mu- 
| 16S rRNA gene sequencing and analysis
Extracted gDNA was amplified using the following primers tar- Sequence data were processed using QIIME version 1.9.0. 15 Reads showing low quality, containing incorrect primer sequences, or containing more than one ambiguous base were excluded. The remaining reads were classified into groups based on their unique nucleotide barcodes. The read count was normalized to the corresponding copy number of 16S rRNA genes to reduce the potential bias of abundance estimation due to copy number variation. 16 Taxonomic composition from the phylum to the species levels and bacterial diversity for each sample were evaluated based on 97% similarity with the GreenGenes database (version 13.5), using QIIME. Principal component analysis of 
In patients with H. pylori-infection, cagA positivity was de-
termined by semi-quantitative PCR using the following prim-
forward, 5′-GATAACAGGCAAGCTTTTGAGG-3′; reverse, 5′-CTGCAAAAGATTGTTTGGCAGA-3′.
| Metagenome prediction
Functional composition of the microbiome was predicted using PICRUSt. 19 PICRUSt conducts evolutionary modeling to predict the metagenome from 16S rRNA gene data compared to a reference genome database. 19 Metagenome inference based on the PICRUSt method was performed using PICRUSt scripts (normalize_by_copy_nubmer.py and predict_metagenomes.py) with the GreenGenes database (version 13.5).
| Download of sequence data
To improve the comparability and statistical power, microbiome sequences in gastric cancer tissues were downloaded from the NCBI (https://www.ncbi.nlm.nih.gov) following literature review. 12, 13, 20 Inclusion criteria for microbiome sequences in the previous studies were as follows: (a) gastric microbiome derived from East Asian patients with gastric cancer and (b) known H. pylori-infection status. These sequence data were analyzed in the same manner as the sequence data.
| Statistical analysis
Continuous and categorical variables were described as the mean with standard deviation and number with proportion, respectively. In the linear discriminant analyses to detect the relative abundance of sequence data from 138 patients were analyzed in this study.
| RE SULTS
| Baseline characteristics and microbiome reads
| Relative bacterial abundance
Relative bacterial abundance at the phylum level is shown in Figure S1 . To compare the microbiome other than H. pylori with disease status (CSG vs IM vs cancer), we determined the relative bacterial abundance of the H. pylori-negative groups by using cladograms ( Figure 1) . Detailed data regarding relative bacterial abundance are presented in Appendix 1.
| Principal component analysis
The principal component analysis plot showed that the H. pylori- followed by the H. pylori-positive IM group and H. pylori-negative IM group as the relative abundance of H. pylori decreased. Figure S2 shows the results of linear discriminant analysis for the relative bacterial abundance among H. pylori-negative groups.
| Linear discriminant analysis for relative bacterial abundance
In the H. pylori-negative CSG group, the relative abundances of 
| Metagenomic function
Metagenomic analysis was performed using 16S rRNA gene sequencing data and the PICRUSt method. Figure S3 shows the re- Figure S4 ). Finally, we analyzed the relative abundance of T4SS genes in the successful eradication group ( Figure S8 ). The relative abundance of T4SS genes did not differ between the successful eradication and H.
| Relationship between H. pylori and Rhizobiales
pylori-negative IM groups.
| D ISCUSS I ON
In the present study, we identified differential bacterial taxa and metagenomics functions according to the histology of gastric mucosa. In the stomach of patients with IM, Rhizobiales was a commonly identified bacterial taxon. The relative abundance of Rhizobiales increased as H. pylori-infected stomachs progressed from gastritis to IM. We also found that genes encoding T4SS were prevalent in the metagenome of patients with IM.
T4SS proteins typically consist of 11 VirB proteins (VirB1-11) and the coupled protein (VirD4). 21 These proteins enable the secretion of CagA from the bacterial cytoplasm directly into the cytoplasm of gastric epithelial cells. 9 Next, membrane-tethered CagA initiates gastric carcinogenesis by recruiting a fraction of cytoplasmic SHP2 to the membrane and dissociating β-catenin from E-cadherin. Different study settings and sample collections may result in bias.
However, our study mainly focused on the gastric microbiome in patients with IM compared to those with CSG, rather than cancer. Additionally, 12 of 52 downloaded samples were deposited by our group in the NCBI in our previous study (SRP038955).
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Another 34 samples were collected from a geographically adjacent hospital from our institute (GSE61493). 13 Third, we did not analyze negative control samples such as PCR-amplified ultrapure water without template DNA. Because contaminating DNA may impact the results obtained from samples containing a low microbial biomass, concurrent sequencing of negative control samples is advised. 35 However, negative controls were not analyzed our study. Nevertheless, contamination may not have a significant impact on our results, as the intestinal metaplasia cannot be regarded as a low microbial environment. Fourth, we did directly demonstrate that horizontal gene transfer occurred between H.
pylori-and other bacteria including Rhizobiales and Niserriaceae in the current study. Although we hypothesized that T4SS gene transfer occurs between H. pylori-and other bacteria, horizontal gene transfer is more likely to occur among members of the same class than among those of different classes. Experimental studies are needed to validate the hypothesis derived from this study.
Despite these limitations, our study improves the understanding of the potential role of the gastric microbiome in gastric carcinogenesis.
As H. pylori-infected stomachs progressed from gastritis to IM, the relative abundance of Rhizobiales increased. In the metagenome of patients with IM, T4SS genes, which are mainly derived from Rhizobiales and Neisseriaceae, were highly abundant. Additionally, the gastric microbiome after H. pylori-eradication therapy was similar to that observed after spontaneous clearance of H. pylori-. 
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